Albino rats and mice are sensitive to light and the recommended illumination of animal rooms (75-125 ft-candles) is known to cause retinal damage. When a room is illuminated by ceiling lights, animals in the cages of the top row and, to some extent, in the side columns of cage racks will be exposed to higher light intensity than those in the other cages of the rack. In 2-yr chemical carcinogenicity studies of the National Toxicology Program (previously the Carcinogenicity Bioassay Program of the National Cancer Institute), Fischer 344 rats were group-housed in hanging drawer-type clear polycarbonate cages. During the course of the chronic studies, a number of rats developed opacity of the eye. Ocular examination indicated chronic uveitis, deep interstitial keratitis, cataract formation leading to panophthalmitis, and in severe cases, phthisis bulbi. Histologic examination showed cataract and retinal degeneration. Incidences of these lesions were highest (>55%) in the rats of the top rows and lowest in those of the bottom rows (< 10Yo) of cages with no relation to chemical treatment, indicating an association with light intensity. The incidence of these eye lesions was markedly decreased (<15%) by decreasing the light intensity of the animal room to 4 0 ftcandles at 5 ft from the floor and rotating the cages in each column of a rack from top to bottom when cages or racks were changed.
INTRODUCTION
Light is one of the most important environmental factors for animals, especially rodents. Since rodents are nocturnal animals, light will influence the circadian rhythm, endocrine function, and reproductive process (4, 15) . Albino rats and mice are sensitive to light, and the recommended illumination of 75-125 ft-candles (807-1,345 lumens/m2) (12) is known to cause retinal damage in albino rats (2, 18) , including Sprague-Dawley and Wistar rats (1 3), and albino mice, with up to 30% incidence in BALB/c mice (6) . When an animal room is illuminated by ceiling lights, animals in the top row and, to soqe extent, in the side columns of 6-ft high cage racks will be exposed to higher light intensity than the animals in other cages of the racks. In 2-yr chemical carcinogenicity studies of the National Toxicology Program (NTP), formerly the Carcinogenesis Bioassay Program of the National Cancer Institute (NCI), a number of Fischer 344 (F344) rats in the cages of the top row of racks developed opacity of the eye (1 5) . The purpose of this report is to describe the appearance and prevalence of these lesions with retrospective evaluation of etiology and discussion of preventive measures to decrease the incidence of these lesions.
MATERIALS AND METHODS Animals
Foundation colony breeding stock of F344 rats were obtained from the National Institutes of Health (NIH) genetic colony and maintained in Trexler $la& film isqlators. F344 rats for the NCI-NTP studies were produced in pathogen-free facilities using Charles River altered Schaedler microflora-associated breeders from the foundation colony. Rats used for chemical toxicity and carcinogenicity studies were transferred from the production colonies (Harlan Industries, Indianapolis, IN and Charles River Breeding Laboratories, Portage, MI) to testing facilities when they were 4-5 weeks of age. After being quarantined for 2-3 weeks at the testing facility, the health status of each shipment of rats was evaluated. Only shipments of pathogen-free rats were used in these studies.
Long-Term Studies
Rats were randomly assigned to experimental groups of 50 per sex. Each study consisted of 1 untreated or vehicle control group and 2 treatment groups. The chemical to be evaluated was administered by gavage in corn oil vehicle or by incorporation in the diet (dosed feed). Rats were housed 5/cage by sex in hanging drawer type clear polycarbonate cages with solid bottoms and sides in 6-tier racks (Lab Products, Inc., Maywood, NJ). The cages were suspended from perforated shelving covered with white filter fabric. Heat-treated hardwood bedding used as the contact bedding was changed at 3-4-day intervals. The animals for the NCI-NTP studies were used and cared for in accordance with the National Institutes of Health guidelines for the use of experimental animals and the Guide for the Care and Use of Laboratory Animals (12) . This report includes 5 gavage and 3 dosed feed 2-yr studies started during a 3-yr period. The studies were conducted in 2 different double-corridor barrier facilities following standardized NCI-NTP animal care and management procedures (1 1). Facility 1 was in the south-central and facility 2 in the north-central United States with a north-south distance of -800, miles. Chemicals, sources of animals, diets, routei of administration, and viral infection statuses of the rats are listed in Table I .
Lighting and Light Intensity
Animal rooms (windowless except for viewing windows in doors) were illuminated by white fluorescent ceiling lamps controlled by automatic timers with a 12-hr lighvdark cycle. The light intensity in the rooms of the studies included in this report was not routinely measured. However, the lighting and light intensity were equal to or greater than the recommendations of the Guide for the Care and Use of Laboratory Animals (1 2). For retrospective evaluation, light intensity of similarly lighted rooms, including the light intensity inside the cages (Table  11) , was measured by a light meter (Weston Model 6 15 Illumination Meter, Weston Instruments, Newark, NJ) in ft-candles.
Ocular Lesions
The observations listed as cloudy or opaque eyes during the course of the studies with erythromycin stearate and 2-amino-5-nitrophenolY or cataract and retinal degeneration on histologic examination in the remaining studies, are the lesions included for decrease the variability between studies due to differences in diagnostic criteria.
Location of Treatment Groups
Each rack contained 6 rows of 5 cages (Fig. l) , and the bottom of the top row of cages was approximately 5 ft from the floor. All the rats of the study (1 50 males + 150 females) were housed in 2 racks. For the studies included in this investigation, rats of control and treatment groups were segregated by selected rows in each rack. The cages were not rotated in the rack and the racks were not rotated in the room. Distribution ofmale and female control and treatment groups in the racks by the 2 testing facilities are given in Tables 111-VI.
Statistical Procedures
The Cochran-Armitage linear trend test (1) was used to evaluate the relationship between the prevalence of eye lesions and the row of the rack in which the rats were housed. Incidences'of eye lesions' in treated and control groups housed in same rows (rows 3-6) but in different racks'(as listed in Tables I11 and IV) were evaluated for difference by t-test 
Viral Infictions
The viral infection status of each study was determined by periodic assessment of antibody titers of 40 sentinel and control rats for rat corona virus/ sialodacryoadenitis virus (RCV/SDAV), Sendai virus (SV), and pneumonia virus of mice (PVM) as described by us elsewhere (1 6). Since RCV/SDAV, SV, and PVM are highly contagious viruses, if these viruses gain access to an animal room, it is expected that most, if not all, the rats in that room would be exposed to or infected with the virus. Accordingly, if the sentinel or control rats had antibodies to any virus, then the rats in that study were considered to have had the viral infection (16) .
RESULTS

Light Intensity
Retrospective measurements in rooms with similar lighting as the study rooms included in this investigation indicated light intensities of 80-1 50 ftcandles at 5 ft from the floor. Measurements of light intensity inside the cages in different rows of the rack by cage position at different light intensities of the room are listed in Table 11 . These measurements were taken inside the cages under ideal conditions when the ceiling lights were parallel to the racks with animal room light intensities of approximately 120, 80, and 40 ft-candles at 5 ft from the floor. The light intensity was highest in the top row and side columns and lowest in the bottom row and the middle column of each rack. There was a 6-10-fold difference in light intensity inside the cages between the top and bottom cages of each 6-tier column (Table  11 ).
Ocular Lesions
An example of lesions observed by ophthalmoscopic examination during the 23rd month of a study in facility 2 are shown in Fig. 2 . The observed lesions included mild to severe chronic uveitis, broad based anterior synechia formation, interstitial keratitis, and secondary cataract formation. A few rats had extensive unilateral hyphema. Lesions observed in some animals included the end stage of a severe panuveitis with phthisis bulbi. Histologic appeap ance of the cataract with retinal degeneration is shown in Fig. 3 . The lens had cortical cataract with degeneration and disintegration of lens fibers intc globules and granular material and liquefaction of some necrotic areas (Fig. 3B ). The retina had only a few rows of nuclear layer (Fig. 3C) , indicating extensive degeneration.
Prevalence of Ocular Lesions
Incidences of cataracts and retinal degeneration as diagnosed by histologic examination at the end of the study by cage position and treatment group combined for the 3 studies with benzyl acetate, geranyl acetate, and zearalenone are presented in Table 111. The lesions as observed during the course of the study were identified as opaque eyes. More than 64% of the animals of the top row of cages were affected irrespective of sex and treatment. In rows 2-6, < 10% of the rats had eye lesions (Table 111 ). The.decreasing trend for eye lesions was highly sig-nifi&nt (p < 0.80 1) for rows 1-6 but not significant (p > 0.05) for rows 2-6 in both racks. Incidences of cataracts and retinal degeneration by row and treatment group combined for the remaining 3 studies done at facility 1 (ally1 isothiocyanate, ethyl acrylate, and stannous chloride) are listed in Table IV . Lesions by individual cages were not available for these studies. Eye lesions were observed in >55% of the rats maintained in the top 2 rows of each rack irrespective of treatment and sex. Cataracts in the rats of rows 3-6 were ~1 0 % irrespective of treat- (Table IV) . The decreasing trend for eye lesions was highly significant (p < 0.001) for rows 1-6 of.both racks. Incidences of eye lesions in treated groups of rows 3-6 were not significantly different (p > 0.1) from the control groups of rows 3-6 listed in Tables I11 and IV. Incidences of eye lesions by cage position and treatment group for the 2 studies done at facility 2 are listed in Tables V and VI. These lesions were described as opaque or cloudy eyes during the 22nd and 23rd month of the studies. The occurrence of lesions was highest (67-100%) in the top rows with a substantial decrease (22-52Oo) in the second row and the lowest occurrence (&7%) in the bottom rows (Tables V and VI) . The decreasing trend for eye lesions was highly significant (p < 0.001) for rows 1-6 of all racks in both studies listed in Tables V and VI and the trend was not significant (p > 0.05) for rows 2-6 in both racks of the erythromycin stearate study (Table V) . However, the trend for eye lesions was highly significant (p < 0,001) for rows 2-6 and significant (p < 0.05) for rows 3-6 but not rows 4-6 of both racks in the 2-amino-5-nitrophe-no1 study (Table VI) . The incidences were high in side columns 1 and 5 of each rack (25-4 1%), mainly due to the high number of rats with lesions in the top 2 cages of these columns.
Viral Infections
Serology results of the 8 studies for RCVBDAV, SV, and PVM infections are presented in Table I . At facility 1, rats of all 6 studies had SV infection, all except the ethyl acrylate study rats had PVM . infection, and rats of all the studies were free of RCV/SDAV infection. At facility 2, rats of the erythromycin stearate study were free of the 3 viral infections, whereas rats of the 2-amino-5-nitrophenol study had all 3 viral infections.
DISCUSSION
Cataracts with retinal degeneration or opaquecloudy eyes were observed in rats from both sources with both types of diets, indicating that animal source and diet were not causally related to the eye lesions. In these 8 studies, the incidences of eye lesions were highest (>55?40) in the ratsin the top row ofcages (Tables 111-VI) where the rats were exposed to high light intensity (20-50 ft-candles) inside the cages when the room light intensities were 80-150 ftkandks at 5 ft from the floor. In addition, the incidences of these eye lesions were lowest (< 10%) in rats of the bottom row of cages where the light intensity was lowest, irrespective of treatment, indicating an association between light intensity and eye lesions. Even though the top 2 rows of cages had rats of high or low dose groups, the incidences of eye lesions in the top row of cages were up to 10 times higher (Tables I11 and VI) than in the second row, indicating a definite association of these lesions with the location of the cage and so with the light intensity rather than with the chemical treatment. Furthermore, the incidences of eye lesions in treated groups of rows 3-6 were not significantly different (p > 0.1) from the control groups of rows 3-6 given in Tables I11 and VI, indicating that chemical treatment may not be the cause for the development of eye lesions in these studies. The prevalence of these ocular lesions in the female rats of the 2-amino-5-nitrophenol study which had viral infections (Table I) was considerably higher (Table VI ) than in the female rats of the erythromycin stearate study ( Table V) . The RCV/SDAV infection is known to affect the eye with corneal lesions and photophobia (8) and this infection in the 2-amino-5-nitrophenol study may have contributed to the increased incidence of eye lesions in female rats. However, there was no difference in the incidence of eye lesions in groups of male rats with and without RCV/SDAV infection, indicating that this infection may not be contributing to the development of these eye lesions. Light intensity appears to be the major cause for eye lesions in these studies and variations in light intensity between racks may be the reason for differences in trends observed in studies listed in Tables V and VI. Ultraviolet 0 light, especially the near-UV light in the wavelength of 300400 nm, has been implicated in cataracts of humans (14, 19) and causes alterations in the lens protein of rats, mice, and chicks (1 0, 2 1). However, the near-UV light energy of the cool white fluorescent lamps generally used for animal room illumination is very low, with < 10 pw/lumen, as compared to natural outdoor light with >40 pw/lumen (5) . Furthermore, the light diffusers of the lamp fixtures (5) in the animal rooms and the walls of the polycarbonate cages may absorb some if not all of the UV energy emitted by the cool white fluorescent lamps. Accordingly, the. contribution of UV energy for the development of ocular lesions of the F344 rat described in this report may be minimal. Light intensity of the visual spectrum of white fluorescent light appears to be the major cause for the development of these lesions and the aged F344 rat appears to be highly susceptible to light intensityassociated ocular lesions. Similar ocular lesions were not observed in pigmented (B6C3F1) mice housed . High light intensity is known to cause retinal degeneration in albino rats (2, 18) . Retinal degeneration may result in the accumulation of debris, including unsaturated lipids, in the vitreous with a marked increase in lipid peroxidation products. Toxic lipid peroxidation products in the vitreous may initiate the processes for cataract formation (20) . Thus a cascade of changes initiated by high light intensity may be resulting in the ocular lesions described in this report.
Ifa chemical under investigation has the potential to cause ocular lesions, then the light intensity-associated eye lesions in albino rats may complicate the interpretation of chemical effects (17). Consequently, it was necessary to implement specific procedures to decrease the light intensity-associated ocular lesions ofalbino rats in chemical toxicity studies. The results ofthis investigation indicate that the eye lesions in rows 3-6 ofthe cage racks were significantly lower than in row 1 of all studies. Retrospective evaluation of light intensity (Table 11 ) indicated that if the light intensity in the cage is < 15 ft-candles, the prevalence of eye lesions will be very low. Prevalence of light intensity-associated eye lesions in long-term chemical toxicity and carcinogenicity studies was markedly decreased (to < 15%, NTP unpublished data) by a) decreasing the light intensity in the cages to < 15 ft-candles or the animal room light intensity to <50 ft-candles at 5 ft from the floor (Table 11 ), b) housing rats of each treatment or control group in randomly assigned columns of. cages rather than in selected rows (Fig. I) , and c) rotating the cages of each column of a rack from top to bottom when cages or racks were changed with rotation of racks in the room. The purpose of the procedures described in (b) and (c) were to equalize (as much as possible) exposure to light intensity as well as other environmental variables between groups of a study and between animals of a group over the duration of a long-term study.
In summary, prevalence of ocular lesions such as opaque or cloudy eyes, cataracts, and retinal degeneration was very high (>55%) in rats of the top*row of cages where they were exposed to room light intensities of 80-150 ft-candles at 5 ft from the floor due to light intensities inside the cage of 20-50 ftcandles. Intensity of the visual spectrum of white fluorescent light appears to be the major cause and the contribution of UV energy appears to be minimal for the development of these ocular lesions. Aged F344 rats appear to be highly susceptible to light intensity-associated ocular lesions and these lesions were not related to chemical treatment in the studies included in this investigation. However, if the chemical under investigation has the potential to cause ocular lesions, then light intensity-associated eye lesions may complicate the interpretation of chemical effects. Prevalence of these ocular lesions in long-term studies was markedly decreased (to < 15%) by decreasing the light intensity in the animal rooms to ~5 0 ft-candles at 5 ft from the floor so that the light intensity in the cages was < 15 ft-candles and by rotating the cages in each column of a rack from top to bottom when cages or racks were changed.
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